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(54) TELESCOPE AND MOVEMENT CONTROL DEVICE 

(57) Telescope is constructed so that inertia force 
caused when the telescope is moved is canceled to 
thereby eliminate influences given on a space station, 
artificial satellite or the like. When a telescope body (1) 
rotates around an axis (X) to a direction (a-j), counter 
weights (6a, 6b) are driven by a rotator drive (10) rota- 
tionally to a direction (o^), which is reverse to the direc- 
tion (a-,), and the inertia force caused is canceled. Also, 
when the telescope body (1) rotates around an axis (Y) 
to a direction (p.,), counterweights 8a, 8b are rotated to 
a direction (P 2 ), which is reverse to the direction (p^, 
and the inertia force caused is canceled. 

Further, an equipment movement control device for 
moving an equipment to a desired position and a tele- 
scope which is able to converge a full quantity of light 
entering a telescope body to a condenser are disclosed. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present invention relates to a device, such 
as a telescope or antenna, which needs a directional 
control for a tracking purpose, said device being weighty 
itself and yet installed on a structure, such as that in- io 
stalled in the space, on board ship or on land, existing 
in a place where occurrence of reaction force or inertia 
force is unfavorable. Especially, in case where a tele- 
scope, for example, is installed on a space station or 
artificial satellite, if the telescope is moved, a large iner- 15 
tia force arises to act on the space station and an attitude 
control of the station itself is badly affected. Hence, such 
a telescope as structured to cause no such inertia force 
and to be operated accurately in the space, on board 
ship or on land is provided. 20 

Description of the Prior Art 

[0002] When a large type astronomical telescope, 
such as Hubble's space telescope, in the prior art is to 25 
be directed to an object to be observed, it is moved in 
its entirety, which requires a large energy. Especially, in 
the case of a telescope launched to be operated in the 
space, although not illustrated, a reflecting telescope is 
assembled in a satellite unit and this satellite unit itself 30 
must be attitude-controlled so as to direct the telescope 
to the object to be observed. Such attitude control of the 
telescope is done by performing an attitude control of a 
satellite unit mounted with a CMG (Control Moment 
Gyro) or by performing a position control of a satellite 55 
unit by gas jetting. Thus, only for the purpose to move 
the space telescope, a large energy is needed. Also, 
when a telescope installed on a space station is oper- 
ated, a large inertia force arises, which is not allowable 
in the space station. Hence, such a structure as causes *o 
no such inertia force, even when the telescope is moved 
to be directed to the object, has been long desired. Fur- 
ther, when the device, such as an antenna or the like, is 
to be directed to the object, reaction force by the CMG 
or the like is used like in the case of the telescope. 45 
[0003] In the prior art space telescope, as mentioned 
above, the telescope is assembled in the satellite and 
when the telescope is to be directed to the object, the 
satellite unit itself is attitude-controlled. In order to move 
the telescope, therefore, a large scale structure and a so 
large energy are required. Hence, development of a tel- 
escope having such a structure as is simple and yet is 
attitude-controllable accurately has been desired. Also, 
when the telescope installed on a space station is oper- 
ated, then a large inertia force arises to act on the space 55 
station to thereby cause a large problem on the attitude 
control of the space station itself. But, occurrence of 
such inertia force being not allowable in the space sta- 
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tion, development of a telescope which is to be used on 
a space station and yet has such a structure as causes 
no such inertia force has been likewise desired. 
[0004] Fig. 20 is a constructional view of a large type 
astronomical reflecting telescope in the prior art. In Fig. 
20, numeral 221 designates a telescope body. A con- 
cave mirror 222 is provided in a lower part of the tele- 
scope body 221 and a condenser 223 is provided in an 
upper central part of same. In a central part of the con- 
cave mirror 222, there is bored a hole 225 passing there- 
through. A camera or an ocular 224 is provided right be- 
low the hole 225. 

[0005] In the astronomical telescope constructed as 
above, light or ray 230 coming from the space enters 
the telescope body 221 through its upper portion to be 
reflected by the concave mirror 223, like numeral 230a, 
then to be converged by the condenser 223, like numer- 
al 230b. The light so converged by the condenser 223 
passes through the hole 225 provided in the central part 
of the concave mirror 222 and is converged to the cam- 
era 224 to be taken as an image. In the reflecting tele- 
scope so constructed, the light 230 entering the upper 
portion of the telescope body 221 is blocked partially by 
the condenser 223 provided in the central portion of the 
telescope body 221 , so that the light coming to the con- 
cave mirror 222 is reduced in the quantity and converg- 
ing ability as a whole is lowered. Thus, an improvement 
to take a further accurate image has been also desired. 

SUMMARY OF THE INVENTION 

[0006] In view of the problems in the prior art, the 
present invention is made with the following objects: 

(a) To provide a telescope having such a structure 
as to cancel the inertia force generated when the 
telescope is operated to be directed to an object to 
thereby become usable in the space without occur- 
rence of the inertia force even if the telescope is in- 
stalled on a space station, 

(b) To provide an equipment movement control de- 
vice having a simple structure by which an equip- 
ment, such as a telescope or antenna, is moved to 
be directed to an object and yet is moved accurately 
to a given direction, and 

(c) To provide an astronomical reflecting telescope 
having a condenser structure in which a condenser 
is so arranged that an entering light may not blocked 
by the condenser to thereby enhance a whole con- 
verging ability. 

[0007] In order to attain the object mentioned in (a) 
above, the present invention provides means of the fol- 
lowing (1) to (10): 

(1 ) A telescope comprising a telescope body and a 
reflecting mirror, a condenser and a camera or oc- 
ular contained in the telescope body, characterized 
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in further comprising a counter weight that moves 
rotationally at the same time when the telescope 
body is moved rotationally to be directed to an ob- 
servation object so that inertia force caused by the 
rotational movement of the telescope body may be 5 
canceled. 

(2) A telescope comprising a telescope body and a 
reflecting mirror, a condenser and a camera or oc- 
ular contained in the telescope body, characterized 

in that the reflecting mirror, condenser and camera io 
or ocular are connected integrally to one another so 
that the reflecting mirror is movable together with 
the condenser and camera or ocular to be directed 
to an observation object. 

(3) A telescope comprising a telescope body and a is 
reflecting mirror, a condenser and a camera or oc- 
ular contained in the telescope body, characterized 

in that the reflecting mirror and a unit of the con- 
denser and camera or ocular are movable inde- 
pendently of each other. 20 

(4) A telescope as mentioned in (2) or (3) above, 
characterized in that a plurality of counter weights 
are fitted to a circumferential periphery of a bottom 
portion of the reflecting mirror. 

(5) A telescope as mentioned in (2) or (3) above, 25 
characterized in that a plurality of counter weights 
are fitted to a circumferential periphery of a base 
portion to which the reflecting mirror is fitted. 

(6) A telescope as mentioned in (2) or (3) above, 
characterized in that a counter weight is provided 30 
between the reflecting mirror and a base portion to 
which the reflecting mirror is fitted so that a bottom 
surface of the reflecting mirror and the base portion 
are connected to each other and the counterweight 

is movable in a direction reverse to a movement of 35 
the reflecting mirror. 

(7) A telescope as mentioned in (4) or (5) above, 
characterized in that each of the counterweights is 
fitted via an actuator. 

(8) A telescope as mentioned in (5) or (6) above, *o 
characterized in that a plurality of horizontal com- 
ponent counter weights are arranged on an upper 
surface of the base portion. 

(9) A telescope as mentioned in (1 ) above, charac- 
terized in that the counterweight comprises a coun- 
ter weight for canceling the inertia force caused 
when an end of the telescope body inclines toward 
the observation object to move up and down rota- 
tionally and a counter weight for canceling the iner- 
tia force caused when the telescope body, so inclin- so 
ing, rotates around an axis orthogonal to a base por- 
tion to which the telescope body is fitted. 

(1 0) A telescope as mentioned in (9) above, char- 
acterized in that the counter weight for cancelin g the 
inertia force caused when the end of the telescope 55 
body moves up and down rotationally is fitted to an 
end of an arm and the arm is constructed to be ro- 
tatable. 



£ 4 

That is, if the telescope is rotated to be directed 
to an observation object, such as a star, a large in- 
ertia force occurs. Especially, when the telescope 
is installed on a space station, this inertia force acts 
on the station side to give serious influences on the 
microgravity environment. Hence, occurrence of 
such inertia force is not allowable. In the invention 

(I ) above, such inertia force is canceled by the re- 
verse directional force caused by the counter 
weight and hence the telescope of the present in- 
vention is well applicable to the space station. Also, 
as mentioned in the invention (9) above, the counter 
weight comprises two types thereof to cancel the 
inertia force caused by the upward and downward 
rotational movement of the end of the telescope and 
to cancel the inertia force caused by the rotation of 
the telescope body around the axis orthogonal to 
the base portion and hence the inertia forces so 
caused can be canceled effectively. 

In the invention (2) above, the reflecting mirror, 
condenser and camera or ocular are constructed to 
be moved integrally for tracking stars, etc. and also 
in the invention (3) above, the reflecting mirror and 
the unit of the condenser and camera or ocular are 
constructed to be moved independently of each oth- 
er, and whichever of these constructions is em- 
ployed, there is no need to move the entire tele- 
scope body for tracking the observation object and 
hence the movable portions can be reduced. 

In the inventions (4) and (5) above, the plurality 
of counter weights are fitted so as to cancel the in- 
ertia force which occurs corresponding to the move- 
ment of the reflecting mirror and, in addition to the 
effect of the inventions (2) and (3) above to reduce 
the movable portions, the inertia force of such mov- 
able portion can be also canceled. Further, as men- 
tioned in the inventions (6) and (7) above, the fitting 
art of the counterweight is uniquely devised so as 
to enlarge the application range and also in the in- 
vention (8) above, the horizontal component coun- 
ter weights are added and thereby the inertia force 
can be canceled securely. 

Also, in order to attain the object mentioned in 
(b) above, the present invention provides means of 
the following (11) to (13): 

(II) An equipment movement control device for 
moving an equipment body to be directed to an ob- 
ject, characterized in comprising an equipment 
body having its bottom surface formed in a curved 
shape; an equipment body basement supporting a 
bottom poction of the equipment body and having 
its bottom surface made of a magnetic substance 
and formed in a curved shape complementary to the 
curved shape of the bottom surface of the equip- 
ment body; a base stand having its upper surface 
formed in a curved shape complementary to the 
curved shape of the bottom surface of the equip- 
ment body basement so that the bottom surface of 
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the equipment body basement may abut on the up- 
per surface of the base stand levitatably therefrom; 
a plurality of stationary side coils arranged on an 
entire portion of the uppersurface of the base stand; 
a plurality of moving purpose coils arranged in radial 5 
directions extending from a center of the upper sur- 
face of the base stand; and a control means for ex- 
citing the stationary side coils and moving purpose 
coils so as to levitate the equipment body basement 
from the base stand and to control a movement of 10 
the equipment body basement. 

(12) An equipment movement control device as 
mentioned in (11) above, characterized in that the 
equipment body is a telescope body that comprises 

a reflecting mirror formed in a curved shape on a ^ 
bottom surface of the telescope body, a condenser 
arranged in an upper portion of the telescope body 
and a camera or ocular supported right below the 
condenser, or the equipment body is an antenna 
body that comprises an antenna erecting at a cen- 20 
tral portion of the antenna body and has its bottom 
surface formed in a curved shape. 

(13) An equipment movement control device as 
mentioned in (11) or (12) above, characterized in 
thatthe base stand has a space formed therein hav- 25 
ing a curved shape complementary to the curved 
shape of the upper surface of the base stand and 
having a constant height of the space; a counter 
weight, having its bottom surface made of a mag- 
netic substance, is placed movably in the space; a 30 
plurality of stationary side coils are arranged on an 
entire portion of a bottom surface of the space; a 
plurality of moving purpose coils are arranged in ra- 
dial directions extending from a center of the bottom 
surface of the space; and the control means con- 35 
trols excitement of the stationary side coils and 
moving purpose coils so that both of the coils may 

be excited simultaneously to thereby levitate the 
counterweight from the bottom surface of the space 
and to move the counter weight to a direction re- 40 
verse to the movement of the equipment body base- 
ment. 

That is, the invention (11) above is applicable 
to the equipment movement control device and the 
invention (1 2) above is applicable to the telescope ^ 
or antenna movement control device. In the inven- 
tions (11) and (12), once the control means excites 
the stationary side coils arranged on the upper sur- 
face of the base stand, the equipment body is mag- 
netically levitated from the upper surface of the so 
base stand by the repulsive force between the mag- 
netic substance of the equipment body basement 
and the stationary side coils. Then, the control 
means excites the moving purpose coils arranged 
at the location to which the equipment body is to be 55 
moved out of the plurality of the moving purpose 
coils and the equipment body, while being levitated, 
is easily moved to the desired location by the attrac- 



tive force between the magnetic substance of the 
bottom surface of the equipment body basement 
and the moving purpose coils so excited. When the 
equipment body moves to the desired location, the 
control means releases the excitement of the sta- 
tionary side coils and thereby the equipment body 
basement abuts on the upper surface of the base 
stand to be fixed there. Thus, the observation object 
can be observed at the position so set. 

In the invention (13) above, at the same time 
when the equipment body moves as mentioned 
above, the counterweight is moved in the direction 
reverse to the moving direction of the equipment 
body and thereby the inertia force caused by the 
movement of the equipment body is canceled. That 
is, the control means excites the stationary side 
coils of the bottom surface of the space of the base 
stand to thereby levitate the counter weight from the 
bottom surface of the space by the repulsive force 
between the magnetic substance of the counter 
weight and the stationary side coils. At the same 
time, the control means excites the moving purpose 
coils of the bottom surface of the space arranged at 
the location opposite to the location to which the 
equipment body is to be moved to thereby move the 
counter weight reversely to the equipment body by 
the attractive force. Thus, the inertia force caused 
can be canceled. 

When the telescope is moved rotationally to be 
directed to an observation object, such as a star, or 
the antenna is moved, then a large inertia force aris- 
es. Especially, if the telescope or antenna is in- 
stalled on a space station, this inertia force adds to 
the station side to give serious influences in the mi- 
crogravity environment and hence occurrence of 
such inertia force is not allowable. According to the 
invention (1 3), such inertia force is canceled by the 
force of the counter weight acting in the reverse di- 
rection and the mentioned equipment movement 
control device can be applied to the space station 
as well. 

Further, in order to attain the object mentioned 
in (c) above, the present invention provides means 
of the following (14) to (16): 
(14) A reflecting telescope comprising a telescope 
body of a cylindrical shape, a concave mirror ar- 
rangement on a bottom surface of the telescope 
body, a condenser arranged above the concave 
mirror and a camera or ocular arranged below the 
condenser and being constructed such that light en- 
tering an upper portion of the telescope body is re- 
flected by the concave mirror to be converged to the 
condenser and further to the cam era or ocular, char- 
acterized in that the concave mirror is made so as 
to make an angle of the light so reflected adjustable 
by an actuator; an opening portion is formed in a 
middle portion of a side wall of the telescope body; 
the condenser is located outside of the opening por- 
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tion so that a full quantity of the light so entering the 
upper portion of the telescope body may be reflect- 
ed by the concave mirror and received by the con- 
denser through the opening portion; and the cam- 
era or ocular is located near the opening portion so 
as to receive the light coming from the condenser. 

(15) A reflecting telescope as mentioned in (14) 
above, characterized in that the angle of the light so 
reflected by the concave mirror is predetermined 
and the concave mirror is fixed to the bottom sur- 
face of the telescope body so as to reflect the light 
with the angle so predetermined. 

(16) A reflecting telescope as mentioned in (14) 
above, characterized in that a surface shape of the 
concave mirror is set to such a shape as to minimize 
an optical path difference with the condenser and a 
concave surface shape of the condenser is set ar- 
bitrarily. 

[0008] In the reflecting telescope of the inventions 
(14) and (16) above, the condenser is provided outside 
of the opening portion which is formed in the middle por- 
tion of the side wall of the telescope body. Thus, the light 
entering the upper portion of the telescope body is not 
blocked by the condenser and the full quantity of the light 
so entering is reflected by the concave mirror. The angle 
of the reflected light is adjusted by the concave mirror 
being moved by driving the actuator and the angle is so 
set that the full quantity of the reflected light passes 
through the opening portion to be received by the con- 
denser. Thus, the full quantity of the light entering the 
upper portion of the telescope body is reflected by the 
concave mirror and received by the condenser to be fur- 
ther received by the camera or ocular right below the 
condenser and there occurs no reduction in the light 
converging ability. 

[0009] In the invention (15) above, the angle of the 
light reflected by the concave mirror is adjusted to be 
predetermined so that the full quantity of the reflected 
light may pass through the opening portion of the side 
wall of the telescope body and the concave mirror is 
fixed to the bottom surface of the telescope body so as 
to reflect the light with the angle so predetermined. 
Hence, when the telescope is directed correctly to the 
observation object, the full quantity of the light entering 
the upper portion of the telescope body can be received 
by the condenser, and thus the actuator can be elimi- 
nated and the work for the adjustment of the concave 
mirror can be saved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Fig. 1 is a perspective constructional view of a 
space telescope of a first embodiment according to the 
present invention. 

[0011] Fig. 2 is a perspective constructional view of a 
space telescope of a second embodiment according to 
the present invention. 
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[0012] Fig. 3 is a perspective constructional view of a 
space telescope of a third embodiment according to the 
present invention. 

[0013] Fig. 4 is a constructional view of a space tele- 

5 scope of a fourth embodiment according to the present 
invention, wherein Fig. 4(a) is a side view and Fig. 4(b) 
is a view seen from arrows A-A of Fig. 4(a). 
[0014] Fig. 5 is a detailed view of a reflecting mirror 
portion of the telescope of Fig. 4, wherein Fig. 5(a) is a 

10 side view and Fig. 5(b) is a plan view. 

[0015] Fig. 6 is a view showing one variation example 
of a counter weight of the telescope of Fig. 4, wherein 
Fig. 6(a) is a side view and Fig. 6(b) is a plan view. 
[0016] Fig. 7 is a side view showing another variation 

15 example of the counterweight of the telescope of Fig. 4. 
[0017] Fig. 8 is an explanatory view of operation ex- 
amples of the counter weight of Fig. 5, wherein Fig. 8(a) 
is an example using a pulley and Fig. 8(b) is an example 
using an actuator. 

20 [0018] Fig. 9 is an explanatory view of application ex- 
amples of the counter weight of Fig. 8 which are added 
with horizontal component counter weights, wherein 
Fig. 9(a) is an example using a rope and Fig. 9(b) is an 
example using an actuator. 

25 [0019] Fig. 1 0 is a constructional view of a space tel- 
escope of a fifth embodiment according to the present 
invention, wherein Fig. 10(a) is a side view and Fig. 10 
(b) is a view seen from arrows B-B of Fig. 1 0(a). 
[0020] Fig. 11 is a cross sectional view of an example 

30 where an equipment movement control device of a sixth 
embodiment according to the present invention is ap- 
plied to a telescope. 

[0021 ] Fig. 1 2 is a view seen from arrows A-A of Fig. 
11. 

35 [0022] Fig. 13 is a detailed cross sectional view of a 
base stand of the sixth embodiment of Fig. 11. 
[0023] Fig. 14 is a view explaining functions of a tel- 
escope of the sixth embodiment of Fig. 11 , wherein Fig. 
14(a) shows a state where the telescope is in a central 

40 position and Figs. 14(b) to (e) show states where the 
telescope is biased to various positions. 
[0024] Fig. 1 5 is a control diagram of the telescope of 
the sixth embodiment of Fig. 11 . 
[0025] Fig. 16 is a cross sectional view showing an 

45 equipment movement control device of a seventh em- 
bodiment according to the present invention, wherein 
the equipment movement control device is applied to an 
antenna. 

[0026] Fig. 1 7 is a cross sectional constructional view 
50 of an astronomical reflecting telescope of an eighth em- 
bodiment according to the present invention. 
[0027] Fig. 1 8 is a cross sectional plan view taken on 
line A-A of Fig. 17. 

[0028] Fig. 19 is a cross sectional view of an astro- 
55 nomical reflecting telescope of a ninth embodiment ac- 
cording to the present invention. 
[0029] Fig. 20 is a cross sectional constructional view 
of a reflecting telescope in the prior art. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0030] Herebelow, embodiments according to the 
present invention will be described concretely with ref- 5 
erence to figures. 

[0031] Fig. 1 is a perspective constructional view of a 
space telescope of a first embodiment according to the 
present invention. There, numeral 1 designates a tele- 
scope body of a cylindrical shape, in which a reflecting 10 
mirror, a condenser, a camera and the like are provided, 
although not illustrated. Numerals 2a, 2b designate tel- 
escope body supports, respectively. Each of the tele- 
scope body supports 2a, 2b has its one end provided 
with a shaft 3 for supporting the telescope body 1 rotat- *5 
ably around the shaft 3 and the other end fixed to a base- 
ment 4 for supporting the telescope body 1 on the base- 
ment 4. 

[0032] A shaft 9 has its both ends fixed with counter 
weight units 5a, 5b (illustration of the unit 5b being omit- 20 
ted) and the counter weight units 5a, 5b together with 
the shaft 9 are supported rotatably by the shaft 3 on both 
sides of the telescope body 1 . Each of the counter 
weight units 5a, 5b comprises therein an arbitrary 
number of sets of counter weights 6a, 6b arranged cir- 25 
cumferentially and oppositely to each other. Also, 
around the basement 4, there is provided rotatably an- 
other counter weight unit 7 of a doughnut shape. The 
counter weight unit 7 comprises therein an arbitrary 
number of sets of counter weights 8a r 8b arranged cir- 30 
cumferentially and oppositely to each other, so that the 
counter weight unit 7 together with the counter weights 
8a, 8b can rotate around the basement 4. Numeral 10 
designates a rotator drive for controlling rotation of the 
counterweights 6a, 6b. 55 
[0033] The telescope constructed as mentioned 
above is rotatable around a vertical axis Y along a cen- 
tral axis of the basement 4 and around a horizontal axis 
X along a central axis of the shaft 3, respectively, so as 
to change its attitude toward an object in the space. *o 
When the telescope body 1 , having a heavier front, or 
distal, end and a lighter rear, or proximal, end, is moved 
around the axis X and axis Y to be directed to the object, 
it sways at the front end to cause a large inertia force. 
This inertia force acts on the space station on which the 45 
telescope is installed to give large influences on the at- 
titude of the space station. Hence, such inertia force 
must be avoided. 

[0034] In the present first embodiment, when the tel- 
escope body 1 is rotated around the axis X, to a direction 50 
a 1 as shown in Fig. 1 for example, the rotator drive 10 
at the same time rotates the counterweights 6a, 6b rap- 
idly to a direction a^- which is reverse to the direction 
a 1f so that the inertia force generated is canceled. As 
the counter weights 6a, 6b are provided in the arbitrary 55 
number of sets arranged circumferential ly and opposite- 
ly to each other, as mentioned above, when they are 
rotated reversely in a high speed, a force acting in the 
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direction to cancel the inertia force of the telescope body 
1 can be obtained. 

[0035] Size of the inertia force being able to be ad- 
justed by rotation of the counter weights 6a, 6b, all the 
inertia forces caused by the rotation of the telescope 
body 1 around the axis X can be canceled. 
[0036] As for the rotation of the counter weights 6a, 
6b, although not shown, there may be a construction to 
rotate them concentrically with the shaft 3 and inde- 
pendent of the telescope body 1 and this construction 
is, for example, such that a motor included in the rotator 
drive 1 0 rotates the shaft 9 to which the counter weights 
6a, 6b are fixed or a disc containing the counterweights 
6a, 6b circumferentially is rotated by the principle of a 
linear motor. Control of such rotation of the counter 
weights 6a, 6b may be done easily by detecting the ro- 
tational speed of the telescope body 1 and controlling 
the rotation of the motor to correspond to the detected 
speed. 

[0037] With respect to the rotation of the telescope 
body 1 around the axis Y also, when the telescope body 
1 together with the basement 4 rotates to a direction p 1 
as shown in Fig. 1 , for example, the counter weights 8a, 
8b are rotated to a direction p 2 > wn ' cn is reverse to the 
direction p n , so that inertia force which is caused by the 
rotation to the direction p 1 to act on the installation 
basement or on the space station side can be canceled. 
As the counter weights 8a, 8b are provided in the coun- 
ter weight unit 7 in the arbitrary number of sets arranged 
circumferentially and oppositely to each other, as men- 
tioned above, when they are rotated reversely to the tel- 
escope body 1 , inertia force acting in the direction to 
cancel the inertia force of the telescope body 1 can be 
obtained. Also, construction using the principle of a lin- 
ear motor, as mentioned above ; may be applied to the 
rotation of the counterweights 8a, 8b. 
[0038] Thus, if the above described space telescope 
is installed on the space station, it may be operated with 
no inertia force being caused, or even if it is installed on 
land, attitude control thereof may be done easily. 
[0039] Fig. 2 is a perspective constructional view of a 
space telescope of a second embodiment according to 
the present invention. In Fig. 2, parts or components 
designated by numerals 1 to 4 : 7 and 8 are same as 
those shown in Fig. 1 with repeated description thereon 
being omitted and featured portions of the present sec- 
ond embodiment, which are parts or components des- 
ignated by numerals 11 to 15, will be described below. 
[0040] In Fig. 2, the telescope body 1 is supported by 
the shaft 3 rotatably therearound and an arm drive 14 
for rotating arms independent of the telescope body 1 
is connected to the shaft 3. A connecting shaft 15 has 
its both ends fixed with central portions of arms 1 1 a, 1 1 b 
and this connecting shaft 15 is connected to the arm 
drive 14. The arms 11a, 11b are constructed such that 
the arms 11a, 11b have their both ends fitted with coun- 
terweights 12a, 12b and 13a, 13b, respectively, and are 
formed integrally with the connecting shaft 15 to be ro- 
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tated by the arm drive 14 around the axis X. Other por- 
tions of the construction are same as those of the first 
embodiment shown in Fig. 1 . 

[0041] In the telescope of the present second embod- 
iment constructed as above, when the telescope body 
1 is rotated around the axis X, to direction a ^ for exam- 
ple, the arm drive 1 4 rotates the connecting shaft 1 5 to- 
gether with the arms 11a, 11b to direction a 2 , which is 
reverse to the direction a ^ . The arm drive 1 4 has a func- 
tion to detect the rotational speed and rotational angle 
of the telescope body 1 and the arms 11 a, 1 1 b are con- 
trolled so as to be set to correspond to the speed and 
angle so detected. Thus, inertia force caused by the ro- 
tation of the telescope body 1 around the axis X is can- 
celed by the force acting in the reverse direction and 
there occurs no case where the inertia force generated 
is transmitted to the installation side on which the tele- 
scope is installed, such as a space station. Also, the in- 
ertia force caused by the rotation of the telescope body 
1 around the axis Y is canceled by the force caused by 
the reverse rotation of the counterweights 8a, 8b by the 
same function as described with respect to the first em- 
bodiment shown in Fig. 1 . 

[0042] Fig. 3 is a perspective constructional view of a 
space telescope of a third embodiment according to the 
present invention. In Fig. 3, what is a featured portion 
of the present third embodiment is a construction that 
lower portions of the arms 1 1 a, 1 1 b shown in Fig. 2 are 
cutoff and also the counterweights 12b, 13b of the lower 
ends are eliminated. Other portions are same as those 
of the second embodiment of Fig. 2. 
[0043] In the present third embodiment, arms 21a, 
21b provided on both sides of the telescope body 1 are 
formed integrally with the connecting shaft 15 and are 
rotated by the arm drive 14 to a direction o^, which is 
reverse to a direction a 1 of the rotation of the telescope 
body 1 . Thereby, the inertia force of the telescope body 
1 around the axis X is canceled, like in the case of the 
second embodiment of Fig. 2. As compared with the 
construction of Fig. 2, the present third embodiment has 
an advantage that number of pieces of the counter 
weights is reduced to thereby simplify the structure of 
the arms. 

[0044] Fig. 4 is a constructional view of a space tele- 
scope of a fourth embodiment according to the present 
invention, wherein Fig. 4(a) is a side view and Fig. 4(b) 
is a view seen from arrows A-A of Fig. 4(a). In Fig. 4, 
numeral 30 designates a basement. Above the base- 
ment 30, there is provided a reflecting mirror 31 with a 
plurality of actuators 36 being interposed between the 
basement 30 and the reflecting mirror 31. Numeral 37 
designates a counter weight and a plurality of pieces of 
the counter weight 37 are suspended from circumferen- 
tial periphery of the reflecting mirror 31 . Numeral 32 des- 
ignates a condenser, which is supported by three pieces 
of a condenser supporting member 35 standing up from 
the circumferential periphery of the reflecting mirror 31 . 
Numeral 33 designates a camera, which is supported 



by a camera supporting member 34 right below the con- 
denser 32. 

[0045] Fig. 5 is a detailed view showing the portion of 
the reflecting mirror 31 , the actuators 36 and the counter 

5 weights 37 of the fourth embodiment of Fig. 4, wherein 
Fig. 5(a) is a side view and Fig. 5(b) is a plan view. The 
plurality of actuators 36 are provided being arranged on 
a circumferential peripheral portion of the basement 30, 
so that the reflecting mirror 31 may be moved by drive 

10 of the actuators 36 in a given direction for tracking stars 
and the like. The counterweights 37 are constructed to 
be driven to move up and down and when a peripheral 
portion of the reflecting mirror 31 is moved up and down 
by the actuators 36, the counterweights 37 of that por- 

15 tion are driven to move up and down reversely to the 
movement of the reflecting mirror 31 , so that inertia force 
caused by the movement of the structural portions of the 
reflecting mirror 31 and of the condenser 32 and the 
camera 33 connected to the reflecting mirror 31 may be 

20 canceled. In the example shown in Fig. 5, when the right 
hand side of the reflecting mirror 31 is moved upwardly 
as shown by numeral 38, the counter weight 37 of that 
portion is moved downwardly as shown by numeral 38'. 
[0046] In the presentfourth embodiment as described 

25 above, the reflecting mirror 31 , the condenser 32 and 
the camera 33 together with the condenser supporting 
member 35 and the camera supporting member 34 are 
supported integrally by the actuators 36 for tracking 
stars and the like and their inertia force is canceled by 

30 the counter weights 37 and thereby the microgravity (u,- 
G) environment of the space station on which the tele- 
scope is installed is prevented from being damaged. 
[0047] Fig. 6 is a view showing one variation example 
of the counter weights 37 of the fourth embodiment of 

35 Rg. 4, wherein Fig. 6(a) is a side view and Fig. 6(b) is 
a plan view. In this example, a plurality of counter 
weights 37a, each of which is of the same structure as 
that of the counter weight 37 shown in Fig. 5, are pro- 
vided standing on the circumferential peripheral portion 

40 of the basement 30 and construction of other portions 
is same as that of the fourth embodiment shown in Fig. 
5. In Fig. 6, when a portion of the reflecting mirror 31 is 
moved upwardly as shown by numeral 38, the counter 
weights 37a of that portion are moved downwardly as 

45 shown by numeral 38' and thereby the inertia force gen- 
erated is canceled. 

[0048] Fig. 7 is a side view showing another variation 
example of the counter weights 37 of Fig. 5. In the 
present example, a counterweight 39 is provided within 

50 the basement 30 and a plurality of counter weight actu- 
ators 40 are interposed between an upper wall of the 
basement 30 and the counterweight 39. When the right 
hand side of the reflecting mirror 31 is moved upwardly 
as shown by numeral 38, the counter weight actuators 

55 40 of that portion are driven at the same time to elongate 
their strokes with a drive force stronger than that of other 
counter weight actuators 40, so that the counter weight 
39 is moved reversely to the movement of the reflecting 
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mirror 31 , that is, downwardly as shown by numeral 38', 
and the inertia force generated is canceled. 
[0049] Fig. 8 is an explanatory view of operation ex- 
amples of the counter weight 37 of the fourth embodi- 
ment, wherein Fig. 8(a) is of an example using a pulley 5 
and Fig. 8(b) is of an example using an actuator. In Fig. 
8(a), the counter weight 37 is suspended from a support 
member 41 and is connected to the reflecting mirror 31 
via a pulley 42. By this construction, when the reflecting 
mirror 31 is moved upwardly by the actuator 36, the 
counter weight 37 is thereby pulled via the pulley 42, so 
that mass of the counter weight 37 gives a movement 
which is reverse to that of the reflecting mirror 31 and 
the inertia force generated is canceled. In Fig. 8(b), the 
counter weight 37 is fitted to the reflecting mirror 31 via 
an actuator 43 and when the reflecting mirror 31 is 
moved up and down by the actuator 36, the actuator 43 
elongates or contracts so as to move the counterweight 
37 reversely to the movement of the reflecting mirror 31 
and thereby the inertia force generated is canceled. 
[0050] Fig. 9 is an explanatory view of application ex- 
amples of the fourth embodiment comprising a horizon- 
tal component counter weight, wherein Fig. 9(a) is a side 
view of an example based on the construction of Fig. 8 
(a) and Fig. 9(b) is a side view of an example based on 
the construction of Fig. 6. 

[0051] In Fig. 9(a), a supporting member 44 is fitted 
to the basement 30 and a rope or chain 47 is fixed to 
the supporting member 44 so as to pull a horizontal com- 
ponent counter weight 46 via a supporting roller 45 to 
which the horizontal component counter weight 46 is 
connected. The horizontal component counter weight 
46 is arranged in plural pieces to act in given directions 
including X and Y directions or intermediate directions 
thereof in the horizontal plane. Thus, when the base- 
ment 30 is moved, tension by the counter weights 46 is 
given on the supporting member 44 to act in the direction 
reverse to that of the force acting on the basement 30 
in the horizontal plane and the inertia force generated 
on the basement 30 in the horizontal plane is canceled. 
[0052] In Fig. 9(b), the horizontal component counter 
weight 46 is fitted to the supporting member 44 via an 
actuator 48 so that the inertia force of the horizontal 
component may be canceled. It is to be noted that the 
counter weight 37a of Fig. 6 is fitted to the basement 30 
via an actuator 49 in the embodiment of Fig. 9(b). 
[0053] Thus, in the examples of Fig. 9, the inertia force 
generated by the movement of the integral structure of 
the reflecting mirror 31 , the condenser 32 and the cam- 
era 33 is canceled by the counter weight 37a of Fig. 6 
or the counter weight 37 of Fig. 8(a) and, in addition to 
that, the inertia force acting on the basement 30 in the 
horizontal direction also is canceled by the horizontal 
component counter weight 46. Hence, the inertia force 
generated in the space telescope can be offset to be 
canceled further effectively. 

[0054] Fig. 10 is a constructional view of a space tel- 
escope of a fifth embodiment according to the present 



invention, wherein Fig. 10(a) is a side view and Fig. 10 
(b) is a view seen from arrows B-B of Fig. 10(a). In Fig. 
10, the portions shown by numerals 30 (basement), 31 
(reflecting mirror), 36 (actuator) and 37 (counterweight) 
are of the structure same as that of the fourth embodi- 
ment shown in Fig. 4 and when the reflecting mirror 31 
is moved, the inertia force caused thereby is canceled 
as described with respect to Fig. 4. 
[0055] In the present fifth embodiment, in addition to 
the functions of the fourth embodiment, the condenser 
is designed to be movable. That is, numeral 52 desig- 
nates a movable condenser, which is movable on a rail 
53, or on a movable condenser support 63 in place of 
the rail 53. The movable condenser 52 is supported by 
a movable condenser supporting member 62. The mov- 
able condenser supporting member 62 is fitted with a 
wheel 61 and a motor 60 so that the motor 60 rotates 
the wheel 61 to move the movable condenser 52 on the 
rail 53. In case the movable condenser 52 is supported 
by the movable condenser support 63, a plane type lin- 
ear motor (not shown) is provided on the movable con- 
denser support 63 to move the movable condenser 52 
slidably on the movable condenser support 63. 
[0056] The rail 53 is made in a pair to be fitted to a rail 
supporting member 55. The rail supporting member 55 
is supported on the basement 30 by three supporting 
members 54. The movable condenser 52 is fitted with a 
camera supporting member 34 and a camera 33 is fitted 
to a lower end of the camera supporting member 34. 
Thus, the movable condenser 52 and the camera 33 to- 
gether with the camera supporting member 34 are sup- 
ported integrally by the movable condenser supporting 
member 62. While the fourth embodiment shown in Fig. 
4 is constructed such that the reflecting mirror 31 and 
the condenser 32 are moved integrally, the present fifth 
embodiment is so constructed that the reflecting mirror 
31 and a unit of the condenser 52 and the camera 33 
are moved independently of each other. Hence, either 
of them may be moved for tracking stars and the like 
and the point therefor is that optical axes of both of them 
are to match with each other finally. 
[0057] In the fifth embodiment mentioned above, 
when the movable condenser 52 is to be moved, the 
motor 60 is driven to rotate the wheel 61 on the rail 53 
and thereby the movable condenser supporting mem- 
ber 62 together with the movable condenser 52 and the 
camera 33 are moved so as to track stars and the like. 
If the reflecting mirror 31 is to be moved, it is possible 
to move it by driving the actuators 36. But, in this case, 
as the reflecting mirror 31 is large as compared with the 
condenser 52 to cause a larger inertia force, this inertia 
force is to be canceled by the counter weights 37, like 
in the fourth embodiment. It is to be noted that in case 
the rail supporting member 55 and the rail 53 are used 
with no linear motor being used, the rail supporting 
member 55 together with the rail 53 is rotated in the hor- 
izontal plane, like rotation a in Fig. 10(b) and thereby 
the movable condenser 52 is made operable at any giv- 
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en position needed. 

[0058] Fig. 1 1 is a cross sectional view of an example 
where an equipment movement control device of a sixth 
embodiment according to the present invention is ap- 
plied to a telescope. In Fig. 11, the telescope comprises 
a telescope body 1 01 on a moving side and a base stand 
120 on a stationary side and is constructed such that 
the telescope body 1 01 is movable freely on an upper 
surface of the base stand 120. 
[0059] That is, in Fig. 1 1 , numeral 1 01 designates the 
telescope body and numeral 1 02 designates a condens- 
er, which is supported in an upper central portion of the 
telescope body 1 01 by a condenser supporting member 
105. Numeral 103 designates a camera, which is sup- 
ported right below the condenser 1 02 by a camera sup- 
porting member 1 04 fitted to a periphery of the condens- 
er 102. Numeral 106 designates a reflecting mirror, 
which reflects light or ray coming from the space to be 
observed to converge it onto the condenser 1 02 provid- 
ed above the reflecting mirror 106. Numeral 107 desig- 
nates a plurality of telescope body supporting members, 
which are fixed to a telescope body basement 108 to 
support a bottom surface of the telescope body 101 . 
[0060] The telescope body basement 1 08 constitutes 
a bottom portion of the telescope body 101 and has a 
downwardly convex and smoothly curved bottom sur- 
face. The telescope body basement 1 08 has its bottom 
surface attached with a magnetic substance, such as a 
permanent magnet, so that the telescope body 1 01 may 
be magnetically levitated movably on a concave upper 
surface 121 of the base stand 120, as described later. 
The concave upper surface 121 of the base stand 1 20 
is made in a smoothly curved complementary form to 
maintain a predetermined small gap between itself and 
the convex bottom surface of the telescope body base- 
ment 108. The base stand 120 has a plurality of linear 
motor stationary side coils 1 1 2 attached to an entire por- 
tion of the concave upper surface 1 21 of the base stand 
120 so that the telescope body basement 108 may be 
levitated movably on the concave upper surface 121 
with the predetermined small gap being maintained 
therefrom. 

[0061] Further, on the concave upper surface 121 of 
the base stand 120, there are attached a plurality of 
moving purpose linear motor coils 110 along radial di- 
rections extending from a center of the concave upper 
surface 121 so that movement of the telescope body 
basement 1 08 to a given position on the concave upper 
surface 121 may be controlled. Also, in the base stand 
1 20 below the concave upper surface 121 , there is pro- 
vided a counter weight moving space 122, which has a 
predetermined height of the space and is formed in a 
shape complementary with the concave upper surface 
121. A counter weight 130, having its lower surface 
made of a magnetic substance, is placed movably in the 
counter weight moving space 1 22. The counter weight 
moving space 122 has its bottom surface attached with 
a plurality of counterweight linear motor stationary side 
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coils 123 and a plurality of counterweight moving pur- 
pose linear motor coils 124. It is to be noted that the 
arrangements of the counter weight linear motor station- 
ary side coils 123-and the counter weight moving pur- 

5 pose linear motor coils 1 24 on the bottom surface of the 
counter weight moving space 122 are substantially 
same as those of the linear motor stationary side coils 
112 and the moving purpose linear motor coils 110 on 
the concave upper surface 121 of the base stand 120 

10 and illustration thereof is omitted, 

[0062] Fig. 12 is a view seen from arrows A-A of Fig. 
11 . On the concave upper surface 121 of the base stand 

120, the linear motor stationary side coils 112 are ar- 
ranged in a mesh state and the moving purpose linear 

* 5 motor coils 1 1 0 are arranged along the radial directions 
extending from the center of the concave upper surface 

121 . In the example illustrated, the radial directions are 
eight directions and if they are more than eight, a finer 
control will be possible. The telescope body 101, as il- 

20 lustrated, is biassed toward the left hand side from the 
center in Fig. 12 and, in this state, the reflecting mirror 
106, the condenser 102 and the camera 103 are inte- 
grally moved so as to be directed to the space to be ob- 
served. At this time, the counter weight 130 is biassed 

25 reversely to the telescope body 1 01 , that is, toward the 
right hand side in the figure, and thereby the inertia force 
caused by the movement of the telescope body 101 is 
canceled. 

[0063] Fig. 13 is a detailed cross sectional view of a 

30 base stand portion of Fig. 1 1 . The telescope body base- 
ment 1 08 is magnetically levitated by the repulsive force 
between the magnetic substance 111 and the linear mo- 
tor stationary side coils 112 with a gap t being main- 
tained therebetween and is biassed to the left hand side 

35 by the action of the moving purpose linear motor coils 
110. On the other hand, the counter weight 130 is like- 
wise magnetically levitated in the counter weight moving 
space 122 by the repulsive force with the counterweight 
linear motor stationary side coils 123 and is biassed to 

40 the right hand side, which is reverse to the movement 
of the telescope body basement 108, by the action of 
the counter weigt moving purpose linear motor coils 
124. All of the mentioned movements of the telescope 
body basement 108 and the counter weight 130 are 

45 done synchronously and thereby the inertia force gen- 
erated can be canceled. 

[0064] Fig. 14, in its (a) to (e), shows functions of the 
telescope body 101 and the counter weight 130 of the 
telescope of the sixth embodiment of Fig. 11. The func- 

50 tionswill be described referring to Fig. 14 as well as Figs. 
11 and 12. Firstly, in Fig. 14(a), the telescope body 101a 
and the counterweight 130 are both in the initial state 
where they are located at the center of the eight pieces 
of the moving purpose linear motor coils 110. In this 

55 state, when the linear motor stationary side coils 112 at- 
tached to the entire concave upper surface 121 are ex- 
cited, the telescope body 101 is levitated by the repul- 
sive force between the magnetic substance 111 at- 
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tached to the bottom surface of the telescope body 
basement 108 and the linear motor stationary side coils 
112. In this case, it is to be noted that the linear motor 
stationary side coils 112 are excited to have the same 
polarity as the magnetic substance 111 so that the re- 
pulsive force may be generated between them. 
[0065] In Fig, 14(b), in the state where the telescope 
body 1 01 is so levitated, if the portion of the moving pur- 
pose linear motor coils 110, shown by bold solid lines in 
the figure, out of the eight pieces thereof is excited, the 
telescope body 101b is moved to the left hand side, as 
illustrated, by the attractive force between that portion 
of the moving purpose linear motor coils 110 and the 
magnetic substance 1 1 1 attached to the bottom surface 
of the telescope body basement 108. In this case, the 
portion of the moving purpose linear motor coils 110, 
shown by fine lines in the figure, is not excited and the 
moving purpose linear motor coils shown by the bold 
solid lines are excited to have such a polarity as to gen- 
erate the attractive force with the magnetic substance 

1 1 1 attached to the bottom surface of the telescope body 
basement 1 08, 

[0066] At this time, the counterweight 130 is likewise 
levitated by the counter weight linear motor stationary 
side coils 123 in the counter weight moving space 122 
and is moved to the right hand side by the counterweight 
moving purpose linear motor coils 124. All the men- 
tioned movements of the telescope body 101b and the 
counterweight 1 30 are done atthe same time and there- 
by the inertia force caused by the movement of the tel- 
escope body 101b is canceled. 
[0067] In Fig. 14(c), three moving purpose linear mo- 
tor coils on the right hand side, shown by the bold solid 
lines, out of the eight pieces thereof are excited so that 
the telescope body 1 01 c is moved to the right hand side 
and the counter weight 130 is moved to the left hand 
side reversely and thereby the inertia force caused by 
the movement of the telescope body 1 01 c is canceled. 
[0068] Also, in Fig. 1 4(d), three moving purpose linear 
motor coils on the upper side, shown by the bold solid 
lines, out of the eight pieces thereof are excited so that 
the telescope body 1 0ld is moved upwardly and the 
counter weight 130 is moved downwardly reversely. 
Further, in Fig. 1 4(e). the telescope body 1 01 e is moved 
downwardly by the same action and the counterweight 
is moved upwardly reversely, so that the inertia force 
generated is canceled. 

[0069] As described above, the telescope body 1 01 
can be moved to an arbitrary position to be directed to 
the object to be observed. Further, the telescope body 
101 is moved along the concave upper surface 121 of 
the base stand 120 and the reflecting mirror 106, the 
condenser 102 and the camera 103 can be directed in- 
tegrally to the desired direction. Once the position is de- 
cided, excitation of the linear motor stationary side coils 

112 on the base stand 1 20 is released and the telescope 
body basement 108 at its bottom surface is set on the 
concave upper surface 121 of the base stand 120 to be 



fixed there. 

[0070] Fig. 1 5 is a control diagram of the telescope of 
the sixth embodiment of Fig. 11. When position data of 
two dimensions of X and Y coordinates of the telescope 

5 body 1 01 are given from a setting unit 1 41 , a control unit 
140 excites the linear motor stationary side coils 112 to 
thereby levitate the telescope body 101 from the base 
stand 120. Then, the control unit 140 selects moving 
purpose linear motor coils 110 of the position to which 

10 the telescope body 1 01 is to be moved and excites them 
to be moved. At the same time, the control unit 140 ex- 
cites the counter weight linear motor stationary side 
coils 123 to levitate the counter weight 130 as well as 
selects the counter weight moving purpose linear motor 

15 coils 124 of the position which is reverse and symmet- 
rical to the position of the telescope body 101 and ex- 
cites them to thereby move the counter weight 130 to 
the reverse direction. By so effecting the control, when 
the telescope body 1 01 comes to the position, excitation 

20 of the linear motor stationary side coils 1 1 2 is released 
upon signal from the setting unit 141 and the telescope 
body 101 is fixed on the base stand 120. 
[0071 ] Fig. 1 6 is a cross sectional view of an example 
where an equipment movement control device of asev- 

25 enth embodiment according to the present invention is 
applied to an antenna. In the seventh embodiment of 
Fig. 16, an antenna body 150 is used in place of the 
telescope, shown by reference numerals 101 to 107, of 
the sixth embodiment of Fig. 11. Construction of the 

30 base stand 120 on which the antenna body 150 is in- 
stalled is same as that shown in Fig. 13. 
[0072] In Fig. 16, an antenna body basement 151 of 
the antenna body 150 constitutes a bottom portion of 
the antenna body 150 and has a downwardly convex 

35 and smoothly curved bottom surface. The antenna body 
basement 151 has its bottom surface attached with a 
magnetic substance 1 52, such as a permanent magnet, 
so that the antenna body 150 may be magnetically lev- 
itated movably on the concave upper surface 1 21 of the 

40 base stand 120. 

[0073] That is, the base stand 1 20, being of the same 
structure as shown in Fig. 1 3, has its concave upper sur- 
face 121 attached with a linear motor stationary side 
coils and thereby the antenna body 1 50 can be magnet- 
os jcally levitated movably on the concave upper surface 
121 of the base stand 1 20 by the same principle as de- 
scribed with respect to the sixth embodiment. The func- 
tions thereof being same as those described with re- 
spect to Figs. 14 and 15, repeated description will be 

50 omitted. In the present seventh embodiment also, the 
antenna body 150 is magnetically levitated on the base 
stand 120 and thereby the antenna body 150 can be 
moved easily to a desired direction and position. 
[0074] It is to be noted that although the examples 

55 where the telescope is placed on the base stand 1 20 in 
the sixth embodiment and the antenna is placed on the 
base stand 120 in the seventh embodiment have been 
described, the present invention is not limited thereto 
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but may be applied to measuring devices, testing devic- 
es or the like that have directivity, other than the men- 
tioned examples and in this case also, the same effect 
can be obtained. 

[0075] An astronomical reflecting telescope of an 
eighth embodiment according to the present invention 
will be described with reference to Figs. 17 and 18. In 
Figs. 17 and 18, numeral 201 designates a telescope 
body, which has an upper portion 201 a and a lower por- 
tion 201b wherein a transverse cross sectional area of 
the lower portion 201 b is larger than that of the upper 
portion 201 a, an shown in Fig. 1 8. That is, while a trans- 
verse cross section of the upper portion 201 a is circular, 
that of the lower portion 201 b is of a circular shape en- 
larged on one side, on the right hand side in Fig. 18, by 
an opening portion 206 which opens obliquely upwardly. 
A bottom portion of the telescope body 201 has a circu- 
lar shape, like the upper portion 201a. It is to be noted 
that the opening portion 206 may be formed by cutting 
out a necessary area in an arbitrary shape. 
[0076] Numeral 202 designates a concave mirror, 
which is arranged on the bottom portion of the telescope 
body 201 . Numeral 203 designates a condenser, which 
is located, outside of the opening portion 206 away from 
the central axis of the telescope body 201 , at a position 
from which the concave mirror 202 of the bottom portion 
of the telescope body 201 is looked over through the 
opening portion 206. Numeral 204 designates a camera 
or an ocular, which is located near the opening portion 
206 at a position of a convergent point of the light coming 
from the condenser 203. That is, the condenser 203 and 
the camera 204 are located in the area near the opening 
portion 206 away from the central axis of the telescope 
body 201. 

[0077] Numeral 205 designates an actuator, which is 
arranged in a multiplicity of pieces between the bottom 
surface of the telescope body 201 and the bottom sur- 
face of the concave mirror 202. Thus, by driving the ac- 
tuators 205 existing near the required position, setting 
angle of the concave mirror 202 relative to the bottom 
surface of the telescope body 201 can be changed ar- 
bitrarily. Hence, according to the angle of an entering 
light 210, a reflecting light 210a is reflected toward the 
condenser 203 to be converged accurately. 
[0078] In the present eighth embodiment constructed 
as above, the light 21 0 from the space enters the upper 
portion 201a of the telescope body 201 to be reflected 
by the concave mirror 202, like numeral 210a, and then 
to be converged by the condenser 203, like numeral 
210b and is focussed to be taken as an image by the 
camera 204 right below the condenser 203. The angle 
of the light 21 0a reflected by the concave mirror 202 is 
adjusted to be set so as to be converged to the condens- 
er 203 by driving the actuators 205, as mentioned 
above. According to the present embodiment, the light 
210 entering the telescope body 201 from above reach- 
es the concave mirror 202 in its full quantity without be- 
ing partially blocked on the way by the condenser 203, 



as in the prior art case, and an accurate image can be 
taken without reduction in the converging performance. 
[0079] It is to be noted that a surface shape of the con- 
cave mirror 202 is set to such a shape as to minimize 
5 an optical path difference with the condenser 203 and a 
concave surface shape of the condenser 203 is set ar- 
bitrarily. 

[0080] Fig. 1 9 is a cross sectional constructional view 
of an astronomical reflecting telescope of a ninth em- 

10 bodiment according to the present invention. In the 
present ninth embodiment, as compared with the eighth 
embodiment shown in Fig. 17, the actuators 205 are 
eliminated and constructions of other portions are same 
as those shown in Fig. 17. 

is [0081] Accordingly, in the ninth embodiment, the an- 
gle of the concave mirror 202 relative to the bottom sur- 
face of the telescope body 201 is set in advance so that 
the reflected light 210a may be converged to the con- 
denser 203 when the telescope body 201 is correctly 

20 directed to the observation object, and the concave mir- 
ror 202 has its bottom portion fixed to the bottom surface 
of the telescope body 201 so as to reflect the light with 
the angle so set. In the present ninth embodiment also, 
the light 21 0 entering the upper portion 201 a of the tel- 

25 escope body 201 is in no case blocked by the condens- 
er, differently from the prior art case, no converging per- 
formance of the telescope is reduced and the same ef- 
fect as that in the eighth embodiment can be obtained. 
[0082] It is to be noted that the reflecting telescope of 

30 the present invention is applicable to any usage includ- 
ing an astronomical observation telescope installed on 
land or mounted on a space craft that flies in the space 
for a space observation and, in this case also, the same 
effect can be obtained. 

35 [0083] In the above, while the three kinds of embodi- 
ments according to the present invention have been de- 
scribed, combinations of two or more, as the case may 
be, of the mentioned embodiments may be also em- 
ployed. For example, it is possible that the counter 

40 weights of the first kind embodiment is employed in the 
reflecting telescope of the third kind embodiment and 
this is moved by the equipment movement control de- 
vice of the second kind embodiment. 



45 



Claims 



1. A telescope comprising a telescope body (1) and a 
reflecting mirror (31), a condenser (32) and a cam- 

50 era or ocular (33) contained in said telescope body 
(1), characterized in further comprising a counter 
weight (6a, 6b, 8a, 8b, 12a, 12b, 13a, 13b) that 
moves rotationally at the same time when said tel- 
escope body (1 ) is moved rotationally to be directed 

55 to an observation object so that inertia force caused 
by the rotational movement of said telescope body 
(1) may be canceled. 
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2. A telescope comprising a telescope body (1 ) and a 
reflecting mirror (31), a condenser (32) and a cam- 
era or ocular (33) contained in said telescope body 
(1), characterized in that said reflecting mirror (31), 
condenser (32) and camera or ocular (33) are con- 5 
nected integrally to one another so that said reflect- 
ing mirror (31) is movable together with said con- 
denser (32) and camera or ocular (33) to be directed 

to an observation object. 

10 

3. A telescope comprising a telescope body (1 ) and a 
reflecting mirror (31), a condenser (32) and a cam- 
era or ocular (33) contained in said telescope body 
(1), characterized in that said reflecting mirror (31) 
and a unit of said condenser (32) and camera or « 
ocular (33) are movable independently of each oth- 
er. 

4. A telescope as claimed in Claim 2 or 3, character- 
ized in that a plurality of counter weights (37) are 20 
fitted to a circumferential periphery of a bottom por- 
tion of said reflecting mirror (31). 

5. A telescope as claimed in Claim 2 or 3, character- 
ized in that a plurality of counter weights (37a) are 25 
fitted to a circumferential periphery of a base portion 
(30) to which said reflecting mirror (31 ) is fitted. 

6. A telescope as claimed in Claim 2 or 3, character- 
ized in that a counter weight (37) is provided be- 30 
tween said reflecting mirror (31 ) and a base portion 
(30) to which said reflecting mirror (31 ) is fitted so 
that a bottom surface of said reflecting mirror (31) 
and said base portion (30) are connected to each 
other and said counter weight (37) is movable in a 35 
direction reverse to a movement of said reflecting 
mirror (31). 

7. A telescope as claimed in Claim 4, characterized in 
that each of said counter weights (37) is fitted via 40 
an actuator (43). 

8. A telescope as claimed in Claim 5, characterized in 
that each of said counter weights (37a) is fitted via 

an actuator (49). 45 

9. A telescope as claimed in Claim 5, characterized in 
that a plurality of horizontal component counter 
weights (46) are arranged on an upper surface of 
said base portion (30). 50 

10. A telescope as claimed in Claim 6, characterized in 
that a plurality of horizontal component counter 
weights (46) are arranged on an upper surface of 
said base portion (30). 55 

11. A telescope as claimed in Claim 1 , characterized in 
that said counterweight (6a, 6b, 8a, 8b) comprises 
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a counter weight (6a, 6b) for canceling the inertia 
force caused when an end of said telescope body 
(1) inclines toward the observation object to move 
up and down rotationally and a counterweight (8a, 
Bb) for canceling the inertia force caused when said 
telescope body (1), so inclining, rotates around an 
axis orthogonal to a base portion (4) to which said 
telescope body (1 ) is fitted. 

12. A telescope as claimed in Claim 11 , characterized 
in that said counter weight (12a, 12b, 13a, 13b) for 
canceling the inertia force caused when said end of 
the telescope body (1 ) moves up and down rotation- 
ally is fitted to an end of an arm (11 a, 1 1 b, 21 a, 21 b) 
and said arm (11a, 11b, 21a, 21b) is constructed to 
be rotatable. 

13. An equipment movement control device for moving 
an equipment body to be directed to an object, char- 
acterized in comprising an equipment body (101) 
having its bottom surface formed in a curved shape; 
an equipment body basement (108) supporting a 
bottom portion of said equipment body (101) and 
having its bottom surface made of a magnetic sub- 
stance (111) and formed in a curved shape comple- 
mentary to said curved shape of the bottom surface 
of the equipment body (101); a base stand (120) 
having its upper surface (121) formed in a curved 
shape complementary to said curved shape of the 
bottom surface of the equipment body basement 
(1 08) so that said bottom surface of the equipment 
body basement (108) may abut on said upper sur- 
face (121) of the base stand (120) levitatably there- 
from; a plurality of stationary side coils (112) ar- 
ranged on an entire portion of said upper surface 
(121) of the base stand (120); a plurality of moving 
purpose coils (110) arranged in radial directions ex- 
tending from a center of said upper surface (1 21 ) of 
the base stand (120); and a control means (1 40) for 
exciting said stationary side coils (112) and moving 
purpose coils (110) so as to levitate said equipment 
body basement (108) from said base stand (120) 
and to control a movement of said equipment body 
basement (108). 

14. An equipment movement control device as claimed 
in Claim 13, 

characterized in that said equipment body (1 01) is 
a telescope body (101) that comprises a reflecting 
mirror (1 06) formed in a curved shape on a bottom 
surface of said telescope body (101), a condenser 
(1 02) arranged in an upper portion of said telescope 
body (101) and a camera or ocular (1 03) supported 
right below said condenser (102). 

1 5. An equipment movement control device as claimed 
in Claim 13, 

characterized in that said equipment body (1 01) is 
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an antenna body (150) that comprises an antenna 
erecting at a central portion of said antenna body 
(150) and has its bottom surface formed in a curved 
shape. 

16. An equipment movement control device as claimed 
in any one of Claims 1 3 to 1 5, characterized in that 
said base stand (120) has a space (122) formed 
therein having a curved shape complementary to 
said curved shape of the upper surface (1 21 ) of the 
base stand (120) and having a constant height of 
said space (122); a counter weight (130), having its 
bottom surface made of a magnetic substance, is 
placed movably in said space (122); a plurality of 
stationary side coils (1 23) are arranged on an entire 
portion of a bottom surface of said space (122); a 
plurality of moving purpose coils (1 24) are arranged 
in radial directions extending from a center of said 
bottom surface of the space (122); and said control 
means (140) controls excitement of said stationary 
side coils (123) and moving purpose coils (124) so 
that both of the coils (123, 124) may be excited si- 
multaneously to thereby levitate said counter 
weight (130) from said bottom surface of the space 
(122) and to move said counter weight (130) to a 
direction reverse to the movement of said equip- 
ment body basement (108). 

17. A reflecting telescope comprising a telescope body 

(201) of a cylindrical shape, a concave mirror (202) 
arrangement on a bottom surface of said telescope 
body (201 ), a condenser (203) arranged above said 
concave mirror (202) and a camera or ocular (204) 
arranged below said condenser (203) and being 
constructed such that light (210) entering an upper 
portion (210a) of said telescope body (201) is re- 
flected by said concave mirror (202) to be con- 
verged to said condenser (203) and further to said 
camera or ocular (204), 

characterized in that said concave mirror (202) is 
made so as to make an angle of the light (21 0a) so 
reflected adjustable by an actuator (205); an open- 
ing portion (206) is formed in a middle portion of a 
side wall of said telescope body (201); said con- 
denser (203) is located outside of said opening por- 
tion (206) so that a full quantity of the light (21 0) so 
entering said upper portion (201a) of the telescope 
body (201 ) may be reflected by said concave mirror 

(202) and received by said condenser (203) through 
said opening portion (206); and said camera or oc- 
ular (204) is located near said opening portion (206) 
so as to receive the light coming from said condens- 
er (203). 

18. A reflecting telescope as claimed in Claim 17, char- 
acterized in that said angle of the light (210a) so 
reflected by said concave mirror (202) is predeter- 
mined and said concave mirror (202) is fixed to said 



bottom surface of the telescope body (201 ) so as to 
reflect the light with said angle so predetermined. 

19. A reflecting telescope as claimed in Claim 17, char- 
acterized in that a surface shape of said concave 
mirror (202) is set to such a shape as to minimize 
an optical path difference with said condenser (203) 
and a concave surface shape of said condenser 
(203) is set arbitrarily. 
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